Identification of hazardous nanoparticles present in the Caribbean Sea for the allocation of future preservation projects by Silva, Luis F.O. et al.
Document details
1 of 1
Identification of hazardous nanoparticles present in the Caribbean Sea for the
allocation of future preservation projects (Article)
,  ,  ,  ,  ,   
Department of Civil and Environmental, Universidad de la Costa, CUC, Calle 58 # 55–66, Barranquilla, Atlántico,
Colombia
Departamento de Ingeniería Civil y Arquitectura, Universidad de Lima, Avenida Javier Prado Este 4600, Santiago de
Surco, 1503, Peru
Chemical Engineering Department, Federal University of Santa Maria, UFSM, Roraima Avenue, 1000, Santa Maria, RS
97105–900, Brazil
Abstract
The deposition of remaining nanoparticles in the Caribbean Sea generates the formation of potentially dangerous
elements, which influence at the imbalance of ecosystems. The detection of nanoparticles is not simple and the use of
conventional methods is difficult application, which is why we highlight the immediacy and importance of this
research for the areas of marine biology, urbanism, engineering and geosciences, applied in the Caribbean Sea. The
general objective of this study is to evaluate the use of advanced methods for the determination of toxic nanoparticles,
which can directly affect the development of marine organisms in the aquatic ecosystem in waters of the Caribbean
Sea, favoring the construction of future international public policies with the elaboration of projects capable of
mitigating these levels of contamination. The morphology and structure of nanoparticles were analyzed by emission
scanning electron microscope with a high-resolution electron microscope. The nanoparticles smaller than 97 nm were
identified in different proportions. The morphological analyses indicated nanoparticles' presence in the form of
nanotubes, nanospheres, and nanofibers, which were shown in an agglomerated form. The presence of potentially
hazardous elements, such as As, Cd, Pb, Mg, Ni and V were verified. In addition, the presence of asbestos in the form
of minerals was confirmed, and that of titanium dioxide was found in large quantities. The results provide new data
and emphasize the possible consequences to the in the Caribbean Sea, with the identification of dangerous elements
(As, Cb, Pb, Hg, Ni and V), harmful to the marine ecosystem. Therefore, there is a need for strict control to reduce
contamination of the Caribbean Sea and avoid risks to the ecosystem and public health, through suggestions of
international public policies, through constant monitoring and the application of environmental recovery projects in
this marine estuary. © 2021 Elsevier Ltd
Author keywords




Aquatic ecosystems Asbestos Health risks Marine biology Marine pollution Nickel
Scanning electron microscopy Titanium dioxide Yarn
Engineering
uncontrolled terms
Caribbean Sea Conventional methods Environmental Geosciences Marine organisms
Morphology and structures Preservation project Scanning electrons Simple++
Toxic elements
 Export  Download  Print  E-mail  Save to PDF ⋆ Add to List  ▻More...
View at Publisher
Marine Pollution Bulletin
Volume 168, July 2021, Article number 112425




  View additional affiliations
 View references (61)
PlumX Metrics
Usage, Captures, Mentions,
Social Media and Citations
beyond Scopus.
Metrics 
Cited by 0 documents
Inform me when this document
is cited in Scopus:
Related documents
,  , 
(2020) Chemosphere
,  , 
(2019) Journal of Cleaner
Production
,  , 
(2020) Geoscience Frontiers
  
Find more related documents in
Scopus based on:
❓  ▻View all metrics

Set citation alert ▻
The impact of air pollution on the
rate of degradation of the fortress
of Florianópolis Island, Brazil
 Silva, L.F.O. Pinto, D. Neckel,
A.
River dynamics and nanopaticles
formation: A comprehensive
study on the nanoparticle
geochemistry of suspended
sediments in the Magdalena
River, Caribbean Industrial Area




compounds from coal mine
drainage
 Silva, L.F.O. Pinto, D. Dotto,
G.L.
View all related documents based
on references
 ▻Authors  ▻Keywords
Brought to you by  Universidad de Lima
 
 Search Sources Lists  ↗SciVal







aquatic ecosystem arsenic asbestos lead mercury (element) morphology
nanoparticle nickel niobium scanning electron microscopy toxicity test vanadium
Regional Index: Atlantic Ocean Caribbean Sea
Funding details
Funding sponsor Funding number Acronym
Conselho Nacional de Desenvolvimento Científico e Tecnológico CNPq
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior CAPES
Conselho Nacional de Desenvolvimento Científico e Tecnológico CNPq
Funding text
The authors thank CAPES ( Coordination for the Improvement of Higher Education Personnel ) and CNPq ( National
Council for Scientific and Technological Development ) for the financial support.
Adams, L.K., Lyon, D.Y., Alvarez, P.J.J. 
(2006) Water Research, 40 (19), pp. 3527-3532.  . 
 
doi: 10.1016/j.watres.2006.08.004 
AlNadhari, S., Al-Enazi, N.M., Alshehrei, F., Ameen, F. 
(2021) Environmental Research, 194, art. no. 110672.  . 
 
doi: 10.1016/j.envres.2020.110672 
Arai, M., Uramoto, G.-I., Asano, M., Uematsu, K., Uesugi, K., Takeuchi, A., Morono, Y., (...), Wagai, R. 










 ▻View in search results format
     All Export  Print  E-mail  Save to PDF Create bibliography
1











An improved method to identify osmium-stained organic matter within soil aggregate






Toxicological Profile for Asbestos (TP-61) 
(2001) .  . 
US Dept. of Health & Human Services 
 
Barreto, D.M., Tonietto, A.E., Lombardi, A.T. 
(2021) Aquatic Toxicology, 231, art. no. 105720. 
 
doi: 10.1016/j.aquatox.2020.105720 
Bebie, J., Schoonen, M.A.A., Fuhrmann, M., Strongin, D.R.
(1998) Geochimica et Cosmochimica Acta, 62 (4), pp. 633-642.  . 
 
doi: 10.1016/S0016-7037(98)00058-1 
Boesen, C., Postma, D. 
(1988) American Journal of Science, 288 (6), pp. 575-603.  . 
doi: 10.2475/ajs.288.6.575 
Cao, Z.-J., He, X.-B. 
(2013) Sichuan Daxue Xuebao (Gongcheng Kexue Ban)/Journal of Sichuan University (Engineering Science
Edition), 45 (1), pp. 55-60.  . 
Kamunda, C., Mathuthu, M., Madhuku, M. 
 (Open Access)




Chen, K.L., Elimelech, M. 






























Influence of humic acid on the aggregation kinetics of fullerene (C ) nanoparticles in




Civeira, M.S., Ramos, C.G., Oliveira, M.L.S., Kautzmann, R.M., Taffarel, S.R., Teixeira, E.C., Silva, L.F.O. 




Dane. National Administrative Department of Statistics Cartagena statistical data. (Accessed 20 April 2021). 
 
 
Dems, D., Freeman, R., Riker, K.D., Coradin, T., Stupp, S.I., Aimé, C. 
(Open Access)




EPA, U Definition and procedure for the determination of the method detection limit. Code of Federal
Regulations, Title, 40. 
 
Espinel-Velasco, N., Tobias-Hünefeldt, S.P., Karelitz, S., Hoffmann, L.J., Morales, S.E., Lamare, M.D. 




Minerals Yearbook Asbestos (Advance Release) 
(2016) , pp. 1-5.  . 
US Geological Survey (USGS) Reston, VA 
 
Freitas, R., Coppola, F., De Marchi, L., Codella, V., Pretti, C., Chiellini, F., Morelli, A., (...), Figueira, E. 
(Open Access)
(2018) Journal of Hazardous Materials, 358, pp. 484-493.  . 
 
doi: 10.1016/j.jhazmat.2018.05.056 
Gallo, A., Manfra, L., Boni, R., Rotini, A., Migliore, L., Tosti, E. 


































Gonçalves, J.M., Bebianno, M.J. 
(2021) Environmental Pollution, 273, art. no. 116426. 
 
doi: 10.1016/j.envpol.2021.116426 
Graca, B., Zgrundo, A., Zakrzewska, D., Rzodkiewicz, M., Karczewski, J. 
(2018) Chemosphere, 206, pp. 359-368.  . 
 
doi: 10.1016/j.chemosphere.2018.05.022 
He, C., Salonen, H., Ling, X., Crilley, L., Jayasundara, N., Cheung, H.C., Hargreaves, M., (...), Morawska, L. 
 (Open Access)
(2014) Environment International, 69, pp. 9-17.  . 
 
doi: 10.1016/j.envint.2014.04.001 
Hu, J., Wang, J., Liu, S., Zhang, Z., Zhang, H., Cai, X., Pan, J., (...), Liu, J. 
(2018) Journal of Environmental Sciences (China), 66, pp. 208-215.  . 
 
doi: 10.1016/j.jes.2017.05.026 
Hund-Rinke, K., Schlich, K., Wenzel, A. 
(2010) Umweltwissenschaften und Schadstoff-Forschung, 22 (5), pp. 517-528.  . 
doi: 10.1007/s12302-010-0147-0 
Jin, L., Luo, X., Fu, P., Li, X. 
 (Open Access)
(2017) National Science Review, 4 (4), pp. 593-610.  . 
 
doi: 10.1093/nsr/nww079 
Kaegi, R., Ulrich, A., Sinnet, B., Vonbank, R., Wichser, A., Zuleeg, S., Simmler, H., (...), Boller, M. 
(2008) Environmental Pollution, 156 (2), pp. 233-239.  . 
doi: 10.1016/j.envpol.2008.08.004 
19









The impact of flood and post-flood cleaning on airborne microbiological and particle










TiO  nanoparticles - Relationship between dispersion preparation method and





Airborne particulate matter pollution in urban China: A chemical mixture perspective










León-Mejía, G., Machado, M.N., Okuro, R.T., Silva, L.F.O., Telles, C., Dias, J., Niekraszewicz, L., (...), Zin,
W.A. 
 (Open Access)
(2018) Science of the Total Environment, 625, pp. 589-599.  . 
 
doi: 10.1016/j.scitotenv.2017.12.283 
Liu, G., Zheng, H., Jiang, Z., Wang, Z. 
(2018) Science of the Total Environment, 634, pp. 595-605.  . 
 
doi: 10.1016/j.scitotenv.2018.04.019 
Lovern, S.B., Klaper, R. 
(2006) Environmental Toxicology and Chemistry, 25 (4), pp. 1132-1137.  . 
doi: 10.1897/05-278R.1 
MacIntyre, E.A., Gehring, U., Mölter, A., Fuertes, E., Klümper, C., Krämer, U., Quass, U., (...), Heinrich, J. 
 (Open Access)
(2014) Environmental Health Perspectives, 122 (1), pp. 107-113.  .
 
doi: 10.1289/ehp.1306755 
Massoudieh, A., Gellis, A., Banks, W.S., Wieczorek, M.E. 
(2013) Hydrological Processes, 27 (24), pp. 3363-3374.  . 
doi: 10.1002/hyp.9429 
Nguyen, T.H., Hoang, H.N.T., Bien, N.Q., Tuyen, L.H., Kim, K.-W. 




Current Strategies for Engineering Controls in Nanomaterial Production and Downstream Handling
Processes
(2013) .  . 
US Department of Health and Hu- man Services, Centers for Disease Control and Prevention, National
Institute for Occupational Safety and Health Cincinnati, OH (DHHS (NIOSH) Publication No 2014-102) 
 
26
Intratracheal instillation of coal and coal fly ash particles in mice induces DNA damage





Effects of biochar input on the properties of soil nanoparticles and











Air pollution and respiratory infections during early childhood: An analysis of 10





Suspended sediment source apportionment in Chesapeake Bay watershed using











Nordin, A.P., da Silva, J., de Souza, C.T., Niekraszewicz, L.A.B., Dias, J.F., da Boit, K., Oliveira, M.L.S., (...), da
Silva, F.R. 
 (Open Access)
(2018) Journal of Hazardous Materials, 346, pp. 263-272.  . 
 
doi: 10.1016/j.jhazmat.2017.12.026 
Oliveira, M.L.S., Izquierdo, M., Querol, X., Lieberman, R.N., Saikia, B.K., Silva, L.F.O. 
(Open Access)
(2019) Journal of Cleaner Production, 219, pp. 236-243.  . 
 
doi: 10.1016/j.jclepro.2019.02.096 
Oliveira, M.L.S., Neckel, A., Silva, L.F.O., Dotto, G.L., Maculan, L.S. 
(2021) Chemosphere, 265, art. no. 129119.  . 
 
doi: 10.1016/j.chemosphere.2020.129119 
Peralta-Videa, J.R., Zhao, L., Lopez-Moreno, M.L., de la Rosa, G., Hong, J., Gardea-Torresdey, J.L.  
(2011) Journal of Hazardous Materials, 186 (1), pp. 1-15.  . 
doi: 10.1016/j.jhazmat.2010.11.020 
Petersen, E.J., Flores-Cervantes, D.X., Bucheli, T.D., Elliott, L.C.C., Fagan, J.A., Gogos, A., Hanna,
S., (...), Winchester, M.R. 
 (Open Access)
(2016) Environmental Science and Technology, 50 (9), pp. 4587-4605.  . 
 
doi: 10.1021/acs.est.5b05647 
Piccardo, M., Renzi, M., Terlizzi, A. 
(2020) Marine Pollution Bulletin, 157, art. no. 111317.  . 
 
doi: 10.1016/j.marpolbul.2020.111317 
Restrepo, J.C., Otero, L., Casas, A.C., Henao, A., Gutiérrez, J. 
(2012) Ocean and Coastal Management, 69, pp. 133-142.  . 
doi: 10.1016/j.ocecoaman.2012.07.027 
33











Environmental aspects of the depreciation of the culturally significant Wall of









Quantification of Carbon Nanotubes in Environmental Matrices: Current Capabilities,










Shoreline changes between 1954 and 2007 in the marine protected area of the Rosario
Island Archipelago (Caribbean of Colombia)
Cited 23 times
View at Publisher
Ribeiro, J., Flores, D., Ward, C.R., Silva, L.F.O. 
(2010) Science of the Total Environment, 408 (23), pp. 6032-6041.  . 
doi: 10.1016/j.scitotenv.2010.08.046 
Rio-Cortina, J.D., Ibarra-Fernández, M., Rodríguez-Arias, C., López-Espitia, N. 
 (Open Access)
(2020) WSEAS Transactions on Business and Economics, 17, pp. 374-386. 
 
doi: 10.37394/23207.2020.17.40 
Rojas, J.C., Sánchez, N.E., Schneider, I., Oliveira, M.L.S., Teixeira, E.C., Silva, L.F.O. 
(Open Access)
(2019) Urban Climate, 27, pp. 412-419.  . 
 
doi: 10.1016/j.uclim.2018.12.011 
Rothen-Rutishauser, B.M., Schürch, S., Haenni, B., Kapp, N., Gehr, P. 
(2006) Environmental Science and Technology, 40 (14), pp. 4353-4359.  . 
doi: 10.1021/es0522635 
Sierra-Marquez, L., Sierra-Marquez, J., De la Rosa, J., Olivero-Verbel, J. 
(Open Access)
(2018) Brazilian Journal of Biology, 78 (3), art. no. S1519-69842018000300548, pp. 548-555.  . 
 
doi: 10.1590/1519-6984.173301 
Silva, L.F.O., Izquierdo, M., Querol, X., Finkelman, R.B., Oliveira, M.L.S., Wollenschlager, M., Towler,
M., (...), MacIas, F. 
(2011) Environmental Monitoring and Assessment, 175 (1-4), pp. 109-126.  . 
doi: 10.1007/s10661-010-1497-1 
Silva, L.F.O., MacIas, F., Oliveira, M.L.S., Da Boit, M.K., Waanders, F. 
(2011) Environmental Monitoring and Assessment, 172 (1-4), pp. 367-378.  . 
doi: 10.1007/s10661-010-1340-8 
40





























Coal cleaning residues and Fe-minerals implications
Cited 77 times
View at Publisher
Silva, L.F.O., Querol, X., da Boit, K.M., Vallejuelo, S.F.O.D., Madariaga, J.M. 
(Open Access)
(2011) Journal of Hazardous Materials, 186 (1), pp. 516-525.  . 
doi: 10.1016/j.jhazmat.2010.11.032 
Silva, L.F.O., Pinto, D., Neckel, A., Dotto, G.L., Oliveira, M.L.S. 
 (Open Access)
(2020) Chemosphere, 251, art. no. 126838.  . 
 
doi: 10.1016/j.chemosphere.2020.126838 
Silva, L.F.O., Milanes, C., Pinto, D., Ramirez, O., Lima, B.D. 
 (Open Access)
(2020) Chemosphere, 239, art. no. 124776.  . 
 
doi: 10.1016/j.chemosphere.2019.124776 
Sofi, H.S., Akram, T., Shabir, N., Vasita, R., Jadhav, A.H., Sheikh, F.A. 
(2021) Materials Science and Engineering C, 118, art. no. 111547.  . 
 
doi: 10.1016/j.msec.2020.111547 
Thiagarajan, V., M., P., S., A., R., S., N., C., G.K., S., Mukherjee, A. 
(2019) Chemosphere, 233, pp. 363-372.  . 
 
doi: 10.1016/j.chemosphere.2019.05.270 
Urrego, L.E., Prado, M.A., Bernal, G., Galeano, A. 
(2019) Estuarine, Coastal and Shelf Science, 230, art. no. 106432.  . 
 
doi: 10.1016/j.ecss.2019.106432 
Wang, J., Wang, W.-X. 




Brazilian coal mining residues and sulphide oxidation by Fenton's reaction: An
















Regenerated cellulose nanofibers from cellulose acetate: Incorporating hydroxyapatite






Diminishing bioavailability and toxicity of P25 TiO  NPs during continuous exposure
















Wigginton, N.S., Haus, K.L., Hochella Jr., M.F. 
(2007) Journal of Environmental Monitoring, 9 (12), pp. 1306-1316.  . 
doi: 10.1039/b712709j 
(2020) 
World Health Organization (WHO), 2014 Antimicrobial Resistance: Global Report on Surveillance. [cited
2017 Sep 16]. Accessed 6 May. 
 
 
Wren, D.G., Barkdoll, B.D., Kuhnle, R.A., Derrow, R.W. 
(2000) Journal of Hydraulic Engineering, 126 (2), pp. 97-104.  . 
doi: 10.1061/(ASCE)0733-9429(2000)126:2(97) 
Xia, B., Sui, Q., Sun, X., Han, Q., Chen, B., Zhu, L., Qu, K. 
(2018) Journal of Hazardous Materials, 346, pp. 1-9.  . 
 
doi: 10.1016/j.jhazmat.2017.12.017 
Xiao, Y., Peijnenburg, W.J.G.M., Chen, G., Vijver, M.G. 
(2016) Science of the Total Environment, 563-564, pp. 81-88.  . 
 
doi: 10.1016/j.scitotenv.2016.04.104 
Zhang, X., Lv, S., Lu, X., Yu, H., Huang, T., Zhang, Q., Zhu, M. 
(2020) Nano Energy, 75, art. no. 104894.  . 
 
doi: 10.1016/j.nanoen.2020.104894 
Zhao, J., Wang, Z., White, J.C., Xing, B. 



























Synergistic enhancement of coaxial nanofiber-based triboelectric nanogenerator











Zou, H., Liu, C., Evrendilek, F., He, Y., Liu, J. 
(2021) Renewable Energy, 171, pp. 1327-1343. 
 
doi: 10.1016/j.renene.2021.02.069 
 Silva, L.F.O.; Department of Civil and Environmental, Universidad de la Costa, CUC, Calle 58 # 55–66, Barranquilla,
Atlántico, Colombia; email:   
© Copyright 2021 Elsevier B.V., All rights reserved.
61
Evaluation of reaction mechanisms and emissions of oily sludge and coal co-





















Copyright © . All rights reserved. Scopus® is a registered trademark of Elsevier B.V.
We use cookies to help provide and enhance our service and tailor content. By continuing, you agree to the
.
↗Terms and conditions ↗Privacy policy 
↗Elsevier B.V 
use of cookies
 
